How do international arms control treaties influence state policies? This paper investigates this question by analyzing the efficacy of the nuclear Nonproliferation Treaty (NPT). The effects of the NPT have been fiercely debated over the last several decades, but scholars do not yet fully understand whether the treaty "works." A debate about the treaty's effects persists in part because existing studies suffer from a key limitation: they are not designed to infer a causal connection between NPT membership and nuclear proliferation. Prior research cannot determine whether membership in the treaty restrains states from developing nuclear weapons or simply reflects existing preferences. To address this limitation, this paper accounts for selection effects by using a measure of states' ex ante treaty commitment preferences. Our analysis of nuclear proliferation from 1970 to 2000 provides evidence that the NPT has played a key role in curbing the spread of nuclear weapons. Even after accounting for strategic selection into the treaty, NPT ratification is robustly associated with a lower likelihood of pursuing nuclear weapons. Our results have broad implications for the study of how international institutions affect international politics.
Introduction
Arms control treaties have long played a central role in world politics. Perhaps the earliest example of arms control dates back to the eighth century BCE, when two cities in ancient Greece, Chalcis and Eritria, signed an agreement banning the use of "missile weapons."
In the centuries that followed, international actors used formal agreements to restrain the proliferation or use of poison bullets, the crossbow, naval warships, anti-ballistic missiles, biological weapons, chemical weapons, anti-personnel land mines, and other military technologies. Although arms control treaties were particularly common during the Cold War, they are by no means relics of a bygone era: today, some policymakers support creating international treaties to control emerging technologies, particularly "drones" and cyber-warfare capabilities. Such agreements are prominent presumably because some believe they can help thwart potentially dangerous arms races. Yet many scholars argue just the opposite: that arms control treaties are ineffective (e.g., Downs, Rocke, and Barsoom, 1996) . Because of the fundamental connection between military capabilities and national security, international cooperation may be especially difficult in this context. Arms control also has its fair share of critics in Washington, some of whom see it as "unreliable, worthless, unsuccessful, [and] possibly even counterproductive" (Miller, 2003: 16) . Do arms control treaties work? More specifically, do such agreements constrain state policies and reduce the risk of arms proliferation, or do the commitments embodied in them merely reflect pre-existing preferences? Our understanding of how treaties influence world politics has increased tremendously in recent years, with much attention paid to the effects of treaties governing human rights, the environment, and international economic relations (e.g., Simmons, 2009; von Stein, 2005; Hill, 2010; Conrad and Ritter, 2013) . Fewer studies (e.g., Leeds, 2003; McLaughlin Mitchell and Hensel, 2007; Prorok and Huth, 2015) have systematically examined the effects of security institutions, and arms control agreements specifically.
We focus on a key arms control treaty: the nuclear Nonproliferation Treaty (NPT). The NPT requires most countries to refrain from building nuclear weapons, while allowing five states to maintain nuclear arsenals.
1 We ask the following research question: Has the NPT limited the spread of nuclear weapons? Scholars have fiercely debated this issue for more than forty years, but we still do not fully understand the effects of the NPT. Some have argued that the treaty has substantially curbed the spread of nuclear weapons (e.g., Nye, 1981) , while others suggest that it has done little more than "screen" participants (e.g., Betts, 1999) . Which of these views is correct?
The extant literature does not provide a clear answer. While many studies have examined the correlation between NPT ratification and nuclear proliferation (e.g., Jo and Gartzke, 2007; Horowitz, 2010; Miller, 2014) , these studies are not designed to reduce the strength of the assumptions needed to infer a causal connection. States "self-select" into the treaty, meaning that whether they enter the treaty depends partly on their treaty commitment preferences (Downs, Rocke, and Barsoom, 1996; von Stein, 2005) . Without accounting for this, scholars risk inferring a relationship between treaty commitment and compliance that is an artifact of underlying preferences.
This study addresses this limitation. We analyze the relationship between NPT ratification and nuclear proliferation using a technique that estimates states' treaty commitment preferences and, based on these, states' ex ante probability of ratifying the NPT (Lupu, 2013) . Using these estimates allows us to make inferences about the effects of NPT while weakening the assumptions needed to do so. Yet, as with any other observational study, our inferences nonetheless require important assumptions.
Our analysis of nuclear proliferation from 1970 to 2000 provides evidence that the NPT has played a key role in curbing the spread of nuclear weapons. Even after accounting for strategic selection into the treaty, NPT ratification is robustly associated with lower likelihoods of pursuing and obtaining nuclear weapons. We therefore provide evidence of a causal relationship between NPT membership and the spread of nuclear weapons, helping to resolve a long-standing debate about the effect of the NPT. While assumptions are always needed to infer a causal relationship, our research design allows us to weaken these assumptions
1 The permanent five members of the UN Security Council are permitted to possess nuclear weapons because they conducted successful nuclear tests prior to January 1, 1967.
significantly relative to existing studies. We provide new evidence that treaties have an independent effect on state behavior in the area of international security, a policy area in which cooperation is often believed to be especially difficult.
From a policy standpoint, few issues are more consequential than the proliferation of nuclear weapons. U.S. President Barack Obama has called the threat of nuclear weapons "the greatest danger to the American people." It is therefore important to better understand how and why nuclear weapons spread and how the risk of proliferation can be reduced. Scholars have devoted renewed attention to this issue over the last decade (e.g., Jo and Gartzke, 2007; Horowitz, 2010; Miller, 2014; Narang, 2014; Way and Weeks, 2014; Monteiro and Debs, 2014) , but our understanding of the NPT's effects remains incomplete. We contribute to this burgeoning literature by showing that the NPT is central to understanding nuclear proliferation dynamics.
We proceed in five main parts. Section 2 explains the existing views on the efficacy of the NPT in greater detail and identifies testable hypotheses. Section 3 discusses our research design, taking care to explain our data and our approach to dealing with the non-random assignment of NPT membership. In Section 4, we discuss our empirical findings and highlight several robustness tests. Conclusions and implications follow.
The (F)utility of the NPT
The NPT is among the most widely discussed treaties in scholarship. According to JSTOR, 4,605 published articles mention the NPT and 102 of those include the treaty in the title.
Arguments about NPT effectiveness fall into two main camps. One is optimistic about the treaty's impact on world politics, while the other is less sanguine.
NPT Optimists
Many scholars have argued that the NPT has restrained nuclear proliferation (e.g., Nye, 1981; Sagan, 1996; Rublee, 2009; Dai, 2002) . 2 According to this view, numerous countries that ultimately refrained from building the bomb would have been more likely to proliferate in the absence of an NPT commitment. Why might this be the case?
There are several reasons why the NPT is thought to reduce the risk of nuclear proliferation. A particularly common argument draws on broader ideas about how international institutions can facilitate international cooperation (e.g., Koremenos, Lipson, and Snidal, 2001 ). Based on this perspective, the NPT regime facilitates the exchange of information, reduces uncertainty about others' behavior, capabilities and intentions, and increases the costs of cheating, all of which should bring states into compliance (e.g., Dai, 2002) .
When states join the NPT, they pledge not to build or otherwise acquire nuclear weapons.
Member-states must accept fairly stringent verification measures, including allowing inspectors from the International Atomic Energy Agency (IAEA) to visit their nuclear facilities and verify that materials have not been diverted for military purposes. According to institutionalist theory, this deters NPT members from shirking their commitments. In contrast, countries that remain outside the NPT generally have greater confidence that they can keep weapons-related activities secret.
Once transgressions are detected, enforcement falls mostly to individual countries. It is not uncommon for states invested in nonproliferation to seriously consider launching preventive strikes against states seeking to build the bomb. In a handful of cases -most notably, Israel's attacks against Iraq (1981) and Syria (2007) -countries actually carried out "bolt from the blue" strikes against nuclear facilities. States found to be in noncompliance with their NPT commitments could also face economic sanctions that lead to a loss in foreign investment (Solingen, 2007) . Material costs aside, NPT violators might be labeled "irresponsible" actors by the international community, which would reduce their standing in the 2 Coe and Vaynman (2014) emphasize the role of superpower collusion in making the NPT-backed regime stable.
international system (Rublee, 2009 (Sagan, 2011: 238) . Domestic civil society actors can also mobilize and pressure the government to refrain from violating the NPT. In Japan, for instance, NPT membership increased the efficacy of anti-nuclear NGOs domestically by granting them additional platforms and increased legitimacy (Rublee, 2009: 79) .
Along similar lines, treaty commitment strengthens the ability of transnational actors to pressure the government to improve its practices and impose costs on the government when it violates international norms (e.g., Simmons, 2009 ). In the NPT case, non-state actors often use conferences associated with the treaty as "focal points" to lobby governments and protest pro-nuclear policies (Rublee, 2009: 38) .
These international and domestic mechanisms together "lock in" a non-nuclear posture after countries make an NPT commitment, according to NPT optimists. It is always possible, of course, for an NPT member to revisit its nuclear policy, but this option is often viewed as unattractive -even if new security threats arise. Australia, for instance, ratified the NPT in 1973. The following year, India conducted its first nuclear test, leaving some officials in Canberra feeling threatened. Rather than exploring the nuclear option in response to a threat -as it did prior to ratifying the NPT -Australia maintained the status quo, in part because ratifying the NPT increased the costs of a policy reversal. Thus, as Jim Walsh (1997: 13) argues in his authoritative history of Australia's nuclear program, "ratification of the NPT marked a turning point, a decisive step away from nuclear weapons."
This logic leads to the following hypothesis:
NPT Optimist Hypothesis. Ratification of the NPT reduces the likelihood of nuclear proliferation.
NPT Pessimists
An alternative view suggests that the NPT has done relatively little to curb the spread of nuclear weapons (e.g., Mearsheimer, 1993; Betts, 1999; Hymans, 2006; Solingen, 2007) .
Proponents of this perspective sometimes argue that international treaties are little more than "scraps of paper" that do not constrain states when their national security is on the line. Even if states are part of the NPT, according to this argument, they can and will conveniently disregard it when they face strong strategic incentives to proliferate. This does not imply that the treaty has no effects, but NPT pessimists generally argue that the treaty has had a much smaller impact than the optimists claim.
Pessimists argue that neither the prospect of detection by the IAEA nor the threat of punishment is sufficient to deter determined proliferators (see especially Hymans, 2006: 6-7) .
The IAEA's safeguards regime is relatively weak and the agency's ability to detect violations in a "timely fashion" is limited.
4 Enforcement of NPT violations is lax and uneven, according to NPT pessimists. Some countries suffer military attacks or harsh economic sanctions when they violate the NPT, as previously noted. Yet others escape with little more than a slap on the wrist. The deterrent effect of the NPT substantially weakens if countries believe that they will not face significant punishment in the event that the IAEA detects an illicit nuclear program.
Scholars in this camp sometimes suggest that domestic factors influence nonproliferation policy (see especially Solingen, 2007) . However, they are generally skeptical that domestic politics can increase the constraining power of the NPT. To be sure, few NPT pessimists take the domestic mechanisms highlighted above seriously.
NPT pessimists challenge the evidence that seemingly supports an optimistic view of the treaty. Some question whether there is, in fact, a significant correlation between NPT membership and nuclear proliferation. They point out that joining the treaty does not always solidify a state's non-nuclear posture. To be sure, Iran, Iraq, Libya, North Korea, Romania, South Korea, and possibly other NPT members violated their treaty commitments (Fuhrmann, 2012: chapter 9) . This evidence shows, pessimists argue, that the treaty does not work. Other pessimists acknowledge a correlation between NPT membership and the pursuit of nuclear weapons, but argue that these two variables are not causally connected.
A selection effect, they argue, accounts for this pattern: states are more likely to ratify the treaty when they have already decided not to build nuclear weapons. In this view, the NPT is an effect of nonproliferation -not a cause of it (Betts, 1999: 69) .
The following hypothesis emerges from the preceding logic:
NPT Pessimist Hypothesis. There is no relationship between NPT membership and nuclear proliferation once one accounts for selection into the treaty.
The Empirical Evidence: No Consensus Yet
The existing literature provides mixed empirical evidence that supports both of the views articulated above but that does not allow us to clearly adjudicate among these theories.
Detailed case studies of nuclear decisionmaking in Japan, West Germany, South Korea, Sweden, and other countries suggest that the NPT contributed to nuclear restraint (e.g., Rublee, 2009 ). But others who look at many of the same cases reach a different conclusionnamely, that the NPT contributed little to nuclear restraint. Betts (1999) suggests that there is not a single country that would have pursued nuclear weapons but for its commitments to the NPT (see also Hymans, 2006; Solingen, 2007) .
The findings about the NPT in the extant quantitative literature are likewise mixed. As shown in Table 1 , 43 percent (6 of 14) of the studies that include the NPT in at least one statistical model report a negative correlation between the treaty and nuclear proliferation.
The other 57 percent report mixed results or no significant relationship. About 18 percent (3 of 17) of recently published studies exclude the NPT altogether because of concerns about the data generation process.
Existing scholarship has contributed to knowledge about the NPT in many ways. Yet studies carried out to date share a key limitation: scholars have yet to design a study to test whether the NPT has had a causal impact on state behavior. NPT pessimists and others recognize that states consider whether they will build nuclear weapons in the future when deciding whether to join the NPT. Yet, while causal inference is especially difficult in this context because states select into NPT membership for clearly non-random reasons, no existing study has even attempted to account for the non-random assignment of treaty membership. This is not a simple problem to address, but we cannot understand the causal effect of the NPT without properly accounting for the process by which states are assigned to the "treatment" or "control" group. Statistical studies published to date have generally been designed to broadly identify the correlates or predictors of proliferation (Singh and Way, 2004; Jo and Gartzke, 2007) or to test arguments about nuclear proliferation that are unrelated to the NPT (e.g., Miller, 2014) . As a result, these studies aim to control for variables that might predict proliferation rather than factors that might confound the relationship between NPT ratification and proliferation.
Existing case-study research usefully unpacks the decision-making process in particular cases, but it tends to focus on a small number of cases that may be especially interesting but may not be representative of the population of cases. While it is useful to be able to draw conclusions about these cases, we are also interested in broader inferences.
3 Research Design
Our study addresses the empirical limitations of prior research. To understand the relationship between NPT membership and nuclear proliferation, we use a procedure that attempts to account for states' self-selection into the NPT. Our empirical tests rely on a sample of country-year observations that is more appropriate for evaluating the treaty's effect on nuclear proliferation given that states select into the treaty.
Estimating the effects of treaty commitments is known to be difficult. Governments select the treaties they join in part based on their interests and the extent to which they expect to conform their behavior to the treaties' requirements. Preferences drive a significant part of the difference between treaty-members and non-members: members may be significantly more likely to join a treaty simply because they prefer the policy choices embodied in it (Downs, Rocke, and Barsoom, 1996) . States that join a treaty may not be comparable to states that refrain from doing so. No methodology, quantitative or qualitative, can allow us to infer causation based on these observational data without assumptions. We design our analysis to weaken these assumptions as much as possible. Simmons and Hopkins (2005) propose to address this problem by using a propensity-score matching approach. This approach estimates each state's probability of treaty ratification based on factors that predict ratification, and then matches treaty members to treaty nonmembers based on this probability. The result is a sample balanced on the probability of treaty ratification (or treatment), with respect to which we might consider selection as having been randomly assigned. Among the advantages of this approach are that it creates 5 For example, many qualitative studies analyze how the NPT affected decisionmaking in Japan and West Germany. These are very important cases because these countries were on the front-lines during the Cold War. For the same reasons, it is difficult to generalize from these cases.
covariate balance and weakens distributional assumptions.
Matching is nonetheless sensitive to omitted-variable bias. If an unobservable (or unmeasured) factor affects treaty commitment decisions and is not included in the matching model, this can bias inferences in a manner analogous to omitted-variable bias in a standard regression context. Lupu (2013) argues that treaty commitment preferences constitute a key latent factor that affects treaty commitment decisions. As Downs, Rocke, and Barsoom (1996) and others have noted, without controlling for underlying preferences, we cannot distinguish whether compliance with international institutions results from these preferences or whether commitment to an institution affects the probability of compliance. Lupu (2013) proposes a methodology to estimate these preferences and to estimate each state's probability of joining a given treaty. This methodology estimates the ideal points of states with respect to universal treaties by using the W-NOMINATE algorithm (Poole and Rosenthal, 1997) . In this measurement model, the options of committing and not committing to a treaty are represented by points in an n-dimensional policy space. Each state is assumed to decide whether or not to commit to a treaty by, among other factors, consider the distance between these points and its ideal point in this space (i.e., the extent to which the treaty is close to the state's preferred policy outcome). The probability of a particular state ratifying a particular treaty decreases as distance between the state's ideal point and the treaty decreases in the preference space.
We follow Lupu (2013) by using a three-stage research design. First, we use W-NOMINATE to estimate each state's probability of joining the NPT on an annual basis. 6 This measurement strategy estimates these probabilities based on states' revealed treaty commitment preferences. We do so by using a data set of membership in approximately 280 universal treaties. This data set includes all of the universal treaties included in the United Nations Treaty Collection (UNTC). The treaties cover a broad range of substantive areas, including arms control, immunity, human rights, transportation, the environment, and communica-tions. 7 The data are coded "1" for country-years that have ratified a treaty and "0" otherwise.
While it may not be immediately obvious why treaties covering other policy areas can help us to predict NPT ratification, this is the case empirically. It should be noted that the sole purpose of this stage in the research design is to estimate NPT commitment probabilities as accurately as possible. As Lupu (2015) shows, including treaties that cover multiple policy areas improves model fit and generates more accurate predictions with respect to the joining of individual treaties. 8 In other words, including treaties in the model that are not arms control treaties allows us to make more accurate predictions regarding NPT joining. Including the measure generated using this procedure in the models described below increases our ability to correctly predict NPT ratification by approximately 21%.
W-NOMINATE estimates the locations of states and treaties in a 2-dimensional preference space. The closer a treaty is to a state's ideal point, the more likely the state is to ratify the treaty. The probability that state i ratifies treaty j is calculated as follows:
where u ijr is the deterministic component of the state's utility from ratifying the treaty, and u ijn is the deterministic component of the state's utility from not ratifying the treaty (Poole and Rosenthal, 1997) . Thus, if two states are estimated to have similar probabilities of ratifying the NPT, this means the two states' ideal points are at similar distances from the NPT (although the ideal points may be at different locations). The results provide annual estimates of each country's probability of ratifying the NPT. These estimates begin in 1970, the first year in which the NPT was in force, and continue to 2007.
In the second stage, we use the measure from above and other predictors of NPT joining to estimate each state's probability of NPT commitment and to match states to each other based on these estimates. We include in the matching model the W-NOMINATE estimated 7 For further details, see Lupu (2015) .
8 In addition, if individual treaties are not helpful in predicting NPT joining, the inclusion of such treaties in the W-NOMINATE model would nonetheless not bias our results.
probabilities as well as several other factors that may affect the probability of NPT ratification, which are listed in Tables 2 and 3 . We match NPT members to non-members using the nearest-neighbor algorithm provided by the MatchIt package in the R programming language. A country-year that has ratified the NPT is matched to another country-year that has not ratified the NPT if the two are estimated to have nearly the same probability of entering the treaty. This creates a matched pair which differ with respect to their NPT commitment, but differ very little in terms of their probability of joining the NPT.
In our matched sample, NPT country-year observations will be similar to non-NPT country-year observations when it comes to a host of important political, strategic, and economic variables. This increases our ability to make "apples-to-apples" comparisons when we evaluate the nuclear behavior of NPT members vis-à-vis non-members. As with any observational study, whether or not matching is used, we cannot rule out the possibility of omitted variable bias. Nonetheless, as Lupu (2013) shows, including the treaty commitment preference estimates in the model significantly decreases the model's sensitivity to omitted variable bias, thus reducing significantly the strength of the assumptions needed to make causal inferences based on the results. We conduct a sensitivity analysis to test for this in Section 5.1.
The third stage uses the matched sample to estimate logit models that are designed to test our hypotheses. For this analysis, we create two dependent variables based on nuclear proliferation data provided by Bleek (2010) . pursuit is coded "1" if states are pursuing nuclear weapons in a given year and "0" otherwise. We code country-years as missing in the year after a state builds nuclear weapons, thereby dropping those cases from our analysis.
program is coded "1" for every year that a state has an active bomb program, regardless of whether they have acquired an arsenal. Although nuclear proliferation occurs infrequently, both dependent variables have enough variance in our matched sample for the purposes of conducting statistical analysis: pursuit is coded "1" in 7% of cases, while program is coded "1" in 10% of the cases.
NPT Ratification is our main "treatment" variable. It is coded "1" if a state has ratified the NPT as of a given year and "0" otherwise. In all of our models, we control for the probability of NPT commitment estimated by the W-NOMINATE procedure described above, and a number of other variables. A rivalry with the United States or Soviet Union may affect a state's willingness to commit to the NPT and its interest in pursuing nuclear weapons. We control for this with data from Klein, Goertz, and Diehl (2006) . More generally, the extent to which a state is involved in international disputes may affect its incentives to build nuclear weapons. We address this by including two variables: MIDs and enduring rivalry. The former variable measures the five-year moving average of the number of militarized interstate disputes per year in which a state is involved, and the latter indicates whether a state is part of an enduring rivalry. 9 To control for the effects of "nuclear umbrellas," we include a dummy variable from Fuhrmann (2012) that indicates whether the country-year is allied with the United States or Soviet Union.
More developed economies may be better able to invest the necessary resources to build nuclear weapons, so we control for the natural log of each state's GDP per capita. We also account for the number of nuclear cooperation agreements (NCAs), the treaties governments sign to authorize nuclear exports, because these agreements may affect NPT ratification and nuclear proliferation (Fuhrmann, 2012) . This variable controls for two closely related phenomena: that higher levels of foreign assistance raise the risk of proliferation; and that states with larger civilian nuclear programs have a greater opportunity to proliferate. Regime type may affect both the institutional constraints that influence NPT ratification and those that influence proliferation, so we include the 21-point indicator of regime type from the Polity IV Project (Marshall and Jaggers, 2002) . The end of the Cold War preceded many commitments to the NPT and likely also affected many states' proliferation decisions. We control for this by using an indicator that is coded "1" for all post-1991 years in the sample.
Recent research suggests that leaders who are former rebels (Fuhrmann and Horowitz, 2015) and personalistic regimes (Way and Weeks, 2014) are more likely to seek nuclear weapons. We therefore control for both of these variables in our models. Finally, to address temporal dependence, we include a measure of the number of years the country has not pursued nuclear weapons or had a nuclear weapons program (time), depending on the 9 Both of these variables are taken from Singh and Way (2004) .
applicable dependent variable, as well as time 2 and time 3 , as recommended by Carter and Signorino (2010) .
Results
We begin by discussing the results from the matching stage. Table 2 reports the balance statistics for the matching stage of the analysis of pursuit, and Table 3 reports the balance statistics for the matching stage of the analysis of program. These statistics show that matching greatly reduces covariate imbalance, but that the "treatment" and "control" groups are not perfectly balanced. Figure 1 illustrates which country-years are included in the matched data set for pursuit. Countries shaded in darker gray appear in the matched data set in a larger number of years. Figure 2 shows a similar map when program is the dependent variable. The main results are displayed in Table 4 . npt ratification is negatively associated with pursuing nuclear weapons (Model 1) and having a nuclear weapons program (Model 2). The NPT therefore appears to reduce the risk of nuclear proliferation, on average, even after we account for strategic selection into the treaty. These findings are consistent with the nuclear optimist hypothesis.
Statistical significance aside, npt ratification is substantively important in shaping the probability of nuclear proliferation. Many states are ex ante very unlikely to build nuclear weapons, often because they lack the security incentives or economic capabilities to do so. One way to consider the effects of the NPT is to examine how ratification affects the probability of proliferation among states at risk for nuclear proliferation. We simulated the effects of the NPT on such states by using the Clarify program, while setting US/USSR Rivalry and Enduring Rivalry at 1, MIDs at 4, and GDP Per Capita (logged)
at 9 (approximately the GDP per capita of Argentina in 1985). For such states, the estimated annual probability of nuclear weapons pursuit for NPT members is 5.11%, whereas the estimated probability for non-NPT members is 0.42%. Likewise, the estimated annual probability of having a nuclear weapons program for NPT members is 6.16%, compared to 0.34% for non-members.
Based on the estimates from Model 1, the size of the effect of NPT ratification on the probability of nuclear weapons pursuit is about 3 times the size of the effect of belonging to an enduring rivalry and about 7 times the size of the effect of belonging to an alliance with the U.S. or Soviet Union. 10 These findings are important given that rivalries and superpower alliances are widely regarded as key determinants of nuclear proliferation (or non-proliferation) in the literature (Singh and Way, 2004; Jo and Gartzke, 2007; Bleek and Lorber, 2014) .
10 The effects are similar but slightly weaker when we use program as the dependent variable (Model 2). The case of Japan illustrates these findings. Tokyo ratified the NPT in 1976 and subsequently faced external threats -including North Korea's nuclear tests in the 2000s and renewed tension with China over the disputed Senkaku Islands -that caused some Japanese officials to reconsider nuclear weapons. Yet, in part because of the NPT, pro-bomb advocates faced considerable constraints that made it difficult to advance their agenda. As Hymans (2011: 172) writes, Japan's NPT commitment added "another important layer of institutional obstacles on top of the already formidable domestic constraints facing any politician who might be tempted by the thought of acquiring the bomb."
Our findings do not imply, however, that the NPT always restrains nuclear proliferation.
There may still be some truth to the argument made by NPT pessimists. It is indisputable, for example, that some countries -for example, Iraq -sought nuclear bombs despite belonging to the NPT. Yet our "apples-to-apples" comparison of NPT members and non-members indicates that, in general, the NPT is associated with a reduced risk of pursuing nuclear weapons and having a nuclear weapons program. This is the strongest evidence to date of a causal relationship between the NPT and nuclear proliferation.
Our other results are largely consistent with what other studies have shown regarding the other predictors of nuclear proliferation (Singh and Way, 2004; Jo and Gartzke, 2007; Fuhrmann, 2012; Miller, 2014) . US/USSR Rivalry, Nuclear Cooperation Agreements, MIDs, Enduring Rivalry, Leader Rebel Experience, and Personalist Regime are all robustly associated with nuclear proliferation in the positive direction. The other variables are not consistently significant.
Sensitivity Analysis
While our matching design has the advantage of providing improved covariate balance and reducing model dependence, it nonetheless may be subject to the risk of omitted variable bias. The risk is that our models may exclude a variable that affects both the probability of ratifying the NPT and the probability of nuclear proliferation. We have argued that including the Lupu (2013) estimate of treaty commitment preferences in the matching model reduces the risk of omitted variable bias. In this subsection, we test the extent to which our inferences are sensitive to any remaining omitted variable bias. In other words, we test how certain we can be that the NPT has causal effects.
An unobserved covariate may have a very small effect, in which case its exclusion from our model would not threaten our inferences. The question, therefore, is how large the effect of the unobserved covariate must be in order for the inferences we draw from our data to be threatened. In other words, how sensitive are our results to omitted variable bias? A methodology created by Rosenbaum (2002) works according to this intuition. This methodology defines a sensitivity parameter Γ, which is the magnitude of an effect of an unobserved covariate. The maximum level of Γ at which our inferences hold provides a bound on how confident we can be that the NPT has a causal effect. A small Γ indicates that the unobserved covariate with a small effect would lead to different inferences, whereas a larger Γ indicates that the effect of the unobserved covariate would have to be large in order to threaten our inferences. That is, this analysis quantifies how sensitive an estimated casual effect is to omitted variable bias.
The Rosenbaum (2002) analysis indicates that Γ would have to be as large as 4.0 and 4.9 for pursuit and program, respectively, in order to threaten our inference that NPT ratification reduces proliferation. This means that the probability of a country ratifying the NPT would have to be 4 times as large because of a different value in the unobserved covariate despite being similar on the matched covariates in order for our inference that the NPT reduces the risk of nuclear weapons pursuit to change. Likewise, the probability of a country ratifying the NPT would have to be 4.9 times as large because of a different value in the unobserved covariate despite being similar on the matched covariates in order for our inference that the NPT reduces the risk of having a nuclear weapons program to change. These levels of insensitivity to omitted variable bias are far greater than are typically found in social scientific studies, in which Γ is typically estimated at between 1 and 2 (Rosenbaum, 2002; Keele, 2010) . The results of the sensitivity analysis therefore lead us to conclude that we can be confident in our conclusion that the NPT reduces the risk of nuclear weapons proliferation because this inference is highly insensitive to omitted variable bias.
Alternate Dependent Variable Codings
There are disagreements among scholars regarding which countries pursued nuclear weapons and the years that they did so. We therefore test the robustness of our results using alternative codings of the dependent variables provided by Singh and Way (2004) and Jo and Gartzke (2007) .
11 Using these data sets, we estimate models similar to those reported above.
The results of these models (reported in Table 5 ) are generally consistent with those of our main specifications. Most importantly, NPT ratification is significant and negative with respect to both program and pursuit in both data sets. 
Conclusions
International relations scholars have made considerable progress in understanding whether and how international institutions can influence state behavior. The effects of a high-profile arms control agreement, the NPT, have remained unclear, which is troubling given the potentially significant role of the treaty in international security policy. Our paper brings us closer to resolving a longstanding debate about the efficacy of the NPT.
We use a research design aimed to weaken, to the extent possible, the assumptions needed to infer whether or not the NPT has had causal effects. Existing quantitative studies of the NPT do not attempt to account for the factors driving selection into the treaty, making it difficult to draw inferences about the treaty's effects. We attempt to account for such factors, and, while we cannot rule out the possibility of omitted variables, our model represents a significant step forward relative to existing work. Our analysis of the relationship between NPT membership and nuclear proliferation accounts for factors that influence states' decisions to join the treaty, including their preferences. We must, of course, be somewhat circumspect about our research design because any inference from observational data is subject to assumptions.
The central contribution of this study is to show that NPT ratification significantly reduces the probability that states will pursue or acquire nuclear weapons, even when accounting for the possibility that countries may be more likely to join the treaty when they have already decided to remain non-nuclear. The magnitude of this effect is large when compared to other important predictors of proliferation. The NPT, then, has helped to curtail nuclear proliferation.
Our results also have broader implications for the study of international institutions. A recent wave of research points to the ways in which international agreements significantly influence peace and conflict. We contribute to this research by providing evidence that treaties can have important effects for addressing complex security problems, like nuclear proliferation. Policymakers therefore should not be overly dismissive of treaties as a tool for meeting key challenges in the 21st century. To be sure, treaties like the NPT have important
limitations. Yet, according to our research, formalized international agreements can also provide partial solutions to enduring strategic problems.
This study moves us closer to understanding the relationship between the NPT and nuclear proliferation, but it should not be the last word on this subject. One limitation of our study is that it is not designed to explain how the treaty restrains proliferation.
We highlighted several possible mechanisms: greater transparency resulting from the IAEA safeguards; superpower enforcement; domestic politics; and ideational factors. Our study cannot adjudicate which of these mechanisms is most important. Future research might usefully take up this task.
12 It may be particularly fruitful to explore how domestic factors contribute to the treaty's efficacy. Research on treaties governing human rights and other areas has increasingly highlighted the importance of domestic political mechanisms (e.g., Milner, 1997; Conrad, 2014; Hill, forthcoming) . Like in other domains, domestic actors seemingly make violations of the NPT more costly and thus less likely (Fuhrmann and Berejikian, 2012) , but very little research has systematically explored this. We hope that this study will encourage a new wave of research on the causes and effects of NPT commitments.
12 Some important work along these lines has recently been completed (Coe and Vaynman, 2014) .
